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Abstract 
Patellofemoral instability not only involves
lateral patellar dislocation, patellar mal-track-
ing or subluxation but can also cause a limit-
ing disability for sports activities. Its underly-
ing causes are known as morphological anom-
alies of the patellofemoral joint or the mechan-
ical axis, femorotibial malrotation, variants of
the knee extensor apparatus, and ligamentous
insufficiencies often accompanied by poor pro-
prioception. Athletes with such predisposing
factors are either suffering from unspecific
anterior knee pain or from slightly traumatic
or recurrent lateral patellar dislocation
Treatment options of patellar instability are
vast, and need to be tailored individually
depending on the athlete’s history, age, com-
plaints and physical demands. Different con-
servative and surgical treatment options are
reviewed and discussed, especially limited
expectations after surgery. 
Introduction
Patellofemoral instability is perceived by
athletes in high energy sporting activities with
twisting and turning moments.1 Anatomical
risk factors for patellofemoral instability
include trochlear dysplasia, patella alta, later-
alized tibial tubercle.2 Altered mechanical axes
of the femur, poor proprioceptive and senso-
motory function and primary and secondary
ligamentous insufficiency are further predis-
posing factors of patellar instability and dislo-
cation.3 Biome chanically, a functional lower
extremity valgus – inward rotation and adduc-
tion of the femur, and outwards rotation and
abduction of tibia – is found with a high eccen-
tric lateral contraction force of the knee exten-
sor apparatus.1
The incidence of lateral patellar dislocation
(LPD) is highest in physically active adoles-
cents – preferably between 10 and 17 years of
age – without gender difference for the pri-
mary LPD and reaches up to 30/100,000 per
year. The recurrence rate however is 3 times
higher for girls.4 Redislocation rate after con-
servative treatment has been reported to be as
high as in 44% of all patients.5 Regardless of
redislocation, more than 50% of these patients
suffer as a consequence from some residual
pain disorders.5
As described by Dejour et al.,6 the patho-
morphology of patients with recurrent LPD
might be identical in patients with patellar
subluxation. Several primary and secondary
stabilizing structures of the patellofemoral
joints might become painful due to microle-
sions or inflammation due to overload. Hence
patellar subluxation is associated with
patellofemoral pain, and often misdiagnosed.7
The goal of the following article is to give a
brief overview of patellofemoral diagnostics in
daily practice, and secondly an overview of
known best conservative and surgical practice
in patellofemoral instability especially on its
implication of further physical activity and
sports participation.
Diagnostics
Physical assessment
Meticulous physical examination of the
patellofemoral and the adjacent joints is
mandatory to depict and understand all under-
lying causes of patellofemoral instability and
complaints which need to be addressed for suc-
cessful clinical outcome. Important clinical
tests and morphological signs are:8,9 i)medial
and lateral patellar passive mobility – which
shall not be larger than one to two quarters of
the patellar diameter each horizontally; ii)
patellar tilt test; iii) patellar apprehension test;
iv) j-sign for detecting patellofemoral mal-
tracking near full extension in open chain
movement; v) assessment of the rotational
axes of the lower extremity; vi) muscular
hypotrophy.Radiological assessment
Conventional radiographs of the knee in lat-
eral projections are most valuable for the diag-
nostic of trochlear dysplasia.2 The three patho-
logic aspects – crossing sign of the trochlear
sulcus and the lateral femoral condyle, double
contour as a sign of hypoplasia of the medial
femoral condyle and a trochlear bump – in dif-
ferent combinations with axial CT imaging
result in trochlear dysplasia type A to D accord-
ing to Dejour.2 Other indices measured rou-
tinely are the patellar height using the Caton-
Deschamps index or the Insall-Salvati ratio,
based on plain strictly lateral radiographs.10
However, recently the patellotrochlear index –
a MRI-based measurement method – was pub-
lished measuring cartilaginous overlap of the
patella and trochlea on sagittal images.11 This
has shown higher clinical relevance.10 The tib-
ial tubercle trochlear groove distance (TT-TG)
is measured on axial CT-scans and alternative-
ly on axial MR images also.12 Various other
measurements on the (lateral) trochlea13,14 and
the patellar position15 have been described, but
are not yet routinely used in daily practice and
have yet less relevance for surgery. 
Conservative treatment
Conservative treatment in primary acute
LPD is the therapy of choice. It includes a mul-
timodal approach with behavioural education
of the patient, physical therapy, braces, weight
reduction and pain medication.16
Physical therapy especially focuses on mus-
cle strengthening and proprioceptive exercis-
es. The vastus medialis obliquus muscle is
described to have an important role in func-
tional stabilization of the patella against later-
al vector force. However, its training has been
questioned,17 especially since muscular stabi-
lization starts at 60° of knee flexion.18
Proprioceptive exercises and strengthening of
the hip abductors and positioning of the foot
are crucial, especially indicated in patient with
miserable malalignment syndrome or medial
collapse.19
Several patellar braces or taping methods
exist to improve return to sport. They may
however not alter medial or lateral displace-
ment, but can be helpful as a diagnostic tool for
occult patellofemoral instability.20
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Surgical treatment options
Primary acute lateral patellar dislocation
There is insufficient evidence based data, if
surgical approach improves functional out-
come after primary LPD compared to conser-
vative treatment and therefore is still a matter
of debate.16 Whereas no subjective benefits are
found in randomized control trials with soft-
tissue surgery (i.e. medial patellofemoral liga-
ment (MPFL) repair, lateral retinaculum
release),21,22 re-dislocation rates vary between
10-30% after primary stabilisation surgery and
13-52% after conservative treatment at a fol-
low-up of more than 7 years.21
Most authors advice first-line arthroscopic
intervention only when associated with osteo-
chondral injury, which is found in up to 25% of
acute LPD.23 Prospective studies with MPFL-
reconstruction or trochlear correcting
osteotomies after first time LPD have not been
performed up to date. Most studies focus on
arthroscopic or open MPFL reefing and plica-
tion. However, redislocation rates are identi-
cal with conservative treatment,21,24 possibly
due to the low tensile strength of 18% of its
initial value.25 Nevertheless, higher return to
pre-injury sporting activity is reported after
soft-tissue procedure.26Surgical treatment in recurrent lat-eral patellar dislocation
Up to 87% of the patients with recurrent
LPD have trochlear dysplasia, lateralized tibial
tubercle (high TT-TG) and/or patellar deformi-
ties.2 Frequently, these patients have positive
family history and complaints of patellar insta-
bility and/or bilateral LPD.4Medial patellofemoral ligament
The MPFL lays extra-capsular, inserting
close to the medial collateral ligament at the
medial femoral epicondyle and may form an
arc together.27 It tears in almost 90-100% of all
patients after LPD.28,29 It contributes up to 50%
of the lateral patellar constraint until 30° of
flexion.30 In adults, the MPFL ruptures mostly
at the femoral origin – which is associated
with lower function activity level after conser-
vative treatment injury31 – and in adolescents
younger than 18 years of age at the patellar
origine.3,28 Not only age, but also the TT-TG dis-
tance may influence the point of rupture,28
contrary to the type of trochlear dysplasia.29
There is growing evidence that MPFL recon-
struction leads to promising functional out-
comes after LPD,32,33 and to significant better
results than after medial plication.34 Up to 77%
returned to equal sporting level35 and redislo-
cation is described in 0-10% of the
patients.33,36,37 However complication rate –
comprising persisting instability, flexion loss
and pain, hematoma, and patellar fracture – is
found in up to 25%.36 Biomechanical reasons
are either due to failure to recognize and to
address additional co-factors for
patellofemoral instability or due to graft-mal-
positioning on the femur, which may lead to
persisting instability, loss of range of motion
or cartilaginous damage or just pain.27,38 Also
the fact that the native MPFL is more elastic
and less stiff than the known grafts renders
malpositioning more susceptible to technical
errors.25 Mild trochlear dysplasia seems not to
compromise postoperative results.39 However,
it remains unclear whether MPFL insufficien-
cy is a subsequent injury of osseous
patellofemoral instability and the cause of per-
sisting instability in high grade trochlear dys-
plasia. Hence its reconstruction may not be
sufficient for restoring stability.
Due to its anatomical vicinity to the MCL,27
MPFL might be injured in multi-ligamentous
knee trauma and lead to persisting anterior
knee pain due to patellofemoral instability.
The injury might be under-diagnosed during
clinical examination and is rarely seen in
arthroscopy.Lateral retinaculum
The lateral retinaculum merges from the
distal iliotibial tract to the superior, lateral
border of the patella and contains many nerve
fibres,40 especially in patients with sympto-
matic patellofemoral malalignment.41 However,
it has been reported that lateral release can
lead to secondary medial and lateral patellar
instability in knee flexion,42 therefore making
secondary repair necessary.43 Lateral retinacu-
lum lengthening shows better results in a
prospective and double-blinded study in terms
of function and lesser patellofemoral instabil-
ity than lateral release.42 Therefore, indication
for lateral release became limited and should
only be performed in patients in lateral hyper-
compression syndrome or in patients with
positive patellar tilt test.3Femoral trochlea
The trochlea plays an important role in the
young athletes and adults with patellar insta-
bility and recurrent LDP of which up to 85% of
the patients are dysplastic.2,44
Normal trochlea is shallow in the centre,
with its highest point on the lateral trochlea.14
It is the major lateral stabilizer of the
patellofemoral joint after 30° of knee flexion.45
Pathologic trochlea is mainly shallow proxi-
mally and patella dislocates near extension.14
LPD occurs most rarely in flexion.46
Sulcus deepening trochleoplasty is the most
often performed osteotomy in severe trochlear
dysplasia but represents a technically
demanding technique. That operation corrects
the anatomical anomaly and renders the
patellofemoral joint stable,47,48 but may
increase the risk of osteoarthritis by articular
incongruence.49 Therefore, pronounced
osteoarthritis and open growth plates repre-
sent the major contraindications for this pro-
cedure.50 Recurrent LPD after trochlear cor-
recting osteotomy is rare and therefore most
patients can improve their physical activity.47-49
However, improvement on pain scores is less
predictable, wherefrom 10-30% showed
increased pain.47,49 This might be due to degen-
erative changes found in 37% after 4 years fol-
low-up.47
It is widely discussed whether closing patel-
lar wedge osteotomy in case of severe patellar
dysplasia might be an adequate, additional
treatment option to improve post-operative
outcome.51Tibial tubercle 
The lateralized tibial tubercle and the patel-
la alta are important risk factors for patellar
instability and can be approached by tibial
tubercle osteotomy as single or combined sur-
gery, being transferred medially, ventrally
and/or distally.3,52 The basic idea is on the one
hand to lower the patella and on the other
hand reducing the Q-angle, hence reducing
lateral knee extensor vector force on the patel-
la and articular pressure. However since the
Q-angle in patients with patellar subluxation
is already reduced in knee extension and Q-
angle varies substantially depending knee
flexion, this procedure may lead to increased
retropatellar pressure on the medial femoral
facet,53 and secondary medial patellar instabil-
ity may result.3 Therefore tibial tubercle trans-
fer is indicated when TT-TG distance reaches
a pathological values of more than 20 mm.2
After Emslie-Trillat procedure, redislocation
is rare (2-13%),54,55 almost all patients have
same sports activity – in the mean Tegner
Score increases from 3.6 pre-operatively to 4.3
after surgery – and satisfactory outcome is
found in 73% of the patients.56,57 However, the
incidence of patellofemoral osteoarthritis is
42% after ten years follow-up.54
In the varus knee, medialization of the tib-
ial tubercle should be performed with caution,
due to potential aggravation of medial
gonarthrosis.58Femoral antetorsion
Rotational variants of the femur with
increased femur antetorsion angle above 20°
are pathologic and described as a co-factor of
patellofemoral instability. Some authors indi-
cate a corrective distal femur derotational
osteotomy above 30°.59
The rational of this procedure is to place the
femur under the patella instead of adapting
the patella to the trochlea as in tibial tubercle
osteotomy, since distal femoral alignment
does not match to the proximal knee extensor
apparatus.59 This procedure however is rarely
mandatory and its results controversial. 
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Anterior knee pain associated withpatellofemoral instability
Skeletal geometry, soft tissues stabilizers,
and neuromuscular control guarantee perfect
stability and a normal patellofemoral gliding
mechanism. Anterior knee pain is very com-
mon and as high as in 20% of the athletes dur-
ing one season.60 The common symptoms of
patients with functional subluxation are pain
and discomfort rather than instability. Hence,
clinical assessment of patients with anterior
knee pain is challenging and crucial, since an
event of patellar maltracking like LPD is miss-
ing and several risk factors as osseous stabili-
ty, lateral muscular vector force, ligamentous
instability or constraint and torsional disad-
vantages need to be addressed or compensat-
ed. Origin of the pain can be the synovium, the
patella, its aponeurosis, the fat pad, the tendi-
nous, retinacular and ligamentous insertions,
or in young patients also hip disorders.61
Conclusions
Conservative or operative treatment option
must be tailor-made. Whereas stability can sig-
nificantly be increased by several surgical
treatment options compared to conservative
treatment, pain control is not predictable.5
Some major factors need to be kept in mind. 
The recurrence rate of LPD after first trau-
matic event is 17%, whereas patients with
more than one LPD have a risk of 49% for re-
dislocation.4
LPD in early years and female gender corre-
lates with higher risk of persisting chronic
instability without surgical intervention.4
Increasing age is associated with decreased
physical activity after surgical stabilization.
Therefore in still growing and very active
athletes early surgical treatment intervention
needs to be considered. Reconstruction of the
MPFL in patients with minor trochlear dyspla-
sia is technically possible without interfering
with distal growth plate of the femur,62 howev-
er, large studies are missing. Osseous articular
correction before epiphyseal closure is con-
traindicated.50
In adult patients with recurrent LPD and
without trochlear dysplasia or type A or C
according to Dejour classification, MPFL
reconstruction alone might be beneficial, in
which unchanged osseous or dynamic instabil-
ity will be compensated.47 Patients with an
important supra-trochlear spur as in type B
and D trochlear dysplasia and chronic instabil-
ity are more reluctant to conservative and soft-
tissue surgical treatment options.4 In such
cases sulcus-deepening trochleoplasty should
be performed.47 In our opinion and experience,
post-surgical results are more favourable when
instability was the main symptom. Hence, in
such patients low-pivoting physical activity
may be re-achieved. 
References
1. Smith TO, Donell ST, Chester R, et al.
What activities do patients with patellar
instability perceive makes their patella
unstable? Knee 2011;18:333-9.
2. Dejour H, Walch G, Nove-Josserand L, et
al. Factors of patellar instability: an
anatomic radiographic study. Knee Surg
Sports Traumatol Arthrosc 1994;2:19-26.
3. Arendt EA, Fithian DC, Cohen E. Current
concepts of lateral patella dislocation. Clin
Sports Med 2002;21:499-519.
4. Fithian DC, Paxton EW, Stone ML, et al.
Epidemiology and natural history of acute
patellar dislocation. Am J Sports Med
2004;32:1114-21.
5. Mäenpää HM, Lehto MUK. Patellar disloca-
tion. The long-term results of nonopera-
tive management in 100 patients. Am J
Sports Med 1997;25:213-7.
6. Dejour H, Walch G, Neyret P, et al.
Dysplasia of the femoral trochlea. Rev Chir
Orthop Reparatrice Appar Mot 1990;76:45-
54.
7. Murphy PC, Knight S. Misdiagnosis in
sports medicine. Curr Sports Med Rep
2002;1:333-7.
8. Fredericson M, Yoon K. Physical examina-
tion and patellofemoral pain syndrome.
Am J Phys Med Rehabil 2006;85:234-43.
9. Tscholl PM. Patellofemorale Diagnostik -
klinische Untersuchung. Arthroskopie
2010;3
10. Barnett AJ, Prentice M. Patellar height
measurement in trochlear dysplasia. Knee
Surg Sports Traumatol Arthrosc
2009;17:1412-5.
11. Biedert RM, Albrecht S. The patel-
lotrochlear index: a new index for assess-
ing patellar height. Knee Surg Sports
Traumatol Arthrosc 2006;14:707-12.
12. Schoettle PB, Zanetti M, Seifert B, et al.
The tibial tuberosity-trochlear groove dis-
tance: a comparative study between CT
and MRI scanning. Knee 2006;13:26-31.
13. Biedert RM, Netzer P, Gal I, et al. The later-
al condyle index: a new index for assess-
ing the length of the lateral articular
trochlea as predisposing factor for patellar
instability. Int Orthop 2011;35:1327-31.
14. Biedert RM, Bachmann M. Anterior-poste-
rior trochlear measurements of normal
and dysplastic trochlea by axial magnetic
resonance imaging. Knee Surg Sports
Traumatol Arthrosc 2009;17:1225-30.
15. Kolowich PA, Paulos LE, Rosenberg TD, et
al. Lateral release of the patellae: indica-
tions and contraindications. Am J Sports
Med 1990;18:359-65.
16. Hing CB, Smith TO, Donell S, et al.
Surgical versus non-surgical interventions
for treating patellar dislocation. Cochrane
Database Syst Rev. 2011;9:11:CD008106.
17. Smith TO, Bowyer D, Dixon J, et al. Can
vastus medialis oblique be preferentially
activated? A systematic review of elec-
tromyographic studies. Physiother Theory
Pract 2009;25:69-98.
18. Farahmand F, Senavongse W, Amis AA.
Quantitative study of the quadriceps mus-
cles and trochlear groove geometry related
to instability of the patellofemoral joint. J
Orthop Res 1998;16:136-43.
19. Mascal CL, Landel R, Powers C.
Management of patellofemoral pain tar-
geting hip, pelvis, and trunk muscle func-
tion: 2 case reports. J Orthop Sports Phys
Ther 2003;33:647-60.
20. Callaghan MJ, Selfe J. Patellar taping for
patellofemoral pain syndrome in adults.
Cochrane Database Syst Rev
2012;18:4:CD006717.
21. Nikku R, Nietosvaara Y, Aalto K, et al.
Operative treatment of primary patellar
dislocation does not improve medium-
term outcome: a 7-year follow-up report
and risk analysis of 127 randomized
patients. Acta Orthop 2005;76:699-704.
22. Sillanpää PJ, Mattila VM, Mäenpää HM, et
al. Treatment with and without initial sta-
bilizing surgery for primary traumatic
patellar dislocat. A prospective randomized
study. J Bone Joint Surg Am 2009;91:263-
73.
23. Sillanpaa P, Matila VM, Iivonen T, et al.
Incidence and risk factors of acute trau-
matic primary patellar dislocation. Med Sci
Sports Exerc 2008;40:606-11.
24. Palmu S, Kallio PE, Donell ST, et al. Acute
patellar dislocation in children and adoles-
cents: a randomized clinical trial. J Bone
Joint Surg Am 2008;90:463-70.
25. Mountney J, Senavongse W, Amis AA, et al.
Tensile strength of the medial patello -
femoral ligament before and after repair or
reconstruction. J Bone Joint Surg Br
2005;87B:36-40.
26. Sillanpää PJ, Mäenpää HM, Mattila VM, et
al. Arthroscopic surgery for primary trau-
matic patellar dislocation: a prospective,
nonrandomized study comparing patients
treated with and without acute arthroscop-
ic stabilization with a median 7-year fol-
low-up. Am J Sports Med 2008;36:2301-9.
27. Philippot R, Chouteau J, Wegrzyn J, et al.
Medial patellofemoral ligament anatomy:
implications for its surgical reconstruc-
tion. Knee Surg Sports Traumatol Arthrosc
2009;17:475-9.
28. Balcarek P, Ammon J, Frosch S, et al.
Magnetic resonance imaging characteris-
Review
N
n-c
om
me
rci
al
us
e o
nly
[page 106] [Orthopedic Reviews 2013; 5:e23]
tics of the medial patellofemoral ligament
lesion in acute lateral patellar dislocations
considering trochlear dysplasia, patella
alta, and tibial tuberosity-trochlear groove
distance. Arthroscopy 2010;26:926-35.
29. Balcarek P, Walde TA, Frosch S, et al.
Patellar dislocations in children, adoles-
cents and adults: a comparative MRI study
of medial patellofemoral ligament injury
patterns and trochlear groove anatomy.
Eur J Radiol 2011;79:415-20.
30. Hautamaa PV, Fithian DC, Kaufman KR, et
al. The medial soft tissue restraints in lat-
eral patellar instability and repair. Clin
Orthop Rel res 1998;349:174-82.
31. Sillanpää PJ, Peltola E, Mattila VM, et al.
Femoral avulsion of the medial
patellofemoral ligament after primary
traumatic patellar dislocation predicts
subsequent instability in men: a mean 7-
year nonoperative folow-up study. Am J
Sports Med 2009;37:1513-21.
32. Buckens CF, Saris DB. Reconstruction of
the medial patellofemoral ligament for
treatment of patellofemoral instability: a
systematic review. Am J Sports Med
2010;38:181-8.
33. Bitar AC, Demange MK, D'Elia CO, et al.
Traumatic patellar dislocation: nonopera-
tive treatment compared with MPFL recon-
struction using patellar tendon. Am J
Sports Med 2012;40:114-22.
34. Zhao J, Huangfu X, He Y. The role of medi-
al retinaculum plication versus medial
patellofemoral ligament reconstruction in
combined procedures for recurrent patel-
lar instability in adults. Am J Sports Med
2012;40:1355-64.
35. Fisher B, Nyland J, Brand E, et al. Medial
patellofemoral ligament reconstruction for
recurrent patellar dislocation: a systematic
review including rehabiliation and return-
to-sports efficacy. Arthroscopy
2010;26:1384-94.
36. Shah JN, Howard JS, Flanigan DC, et al. A
systematic review of compliactions and
failures associated with medial
patellofemoral ligament reconstruction for
recurrent patellar dislcoation. Am J Sports
Med 2012;40:1916-23.
37. Deie M, Ochi M, Sumen Y, et al. A long-
term follow-up study after medial
patellofemoral ligament reconstruction
using the transferred semitendinosus ten-
don for patellar dislocation. Knee Surg
Sports Traumatol Arthrosc 2005;13:522-8.
38. Elias JJ, Cosgarea AJ. Technical errors
during medial patellofemoral ligament
reconstruction could overload medial
patellofemoral cartilage: a computational
analysis. Am J Sports Med 2006;34:1478-
85.
39. Schöttle PB, Fucentese SF, Romero J.
Clinical and radiological outcome of medi-
al patellofemoral ligament reconstruction
with a semitendinosus autograft for patel-
la instability. Knee Surg Sports Traumatol
Arthrosc 2005;13:516-21.
40. Vieira ELC, VIeira EA, da Silva RT, et al. An
anatomic study of the iliotibial tract.
Arthroscopy 2007;23:269-74.
41. Sanchis-Alfonso V, Rosello-Sastre E.
Immunohistochemical analysis for neural
markers of the lateral retinaculum in
patients with isolated symptomatic
patellofemoral malalignment. A neu-
roanatomic basis for anterior knee pain in
the active young patient. Am J Sports Med
2000;28:725-31.
42. Pagenstert G, Wolf N, Bachmann M, et al.
Open lateral patellar retinacular lengthen-
ing versus open retinacular release in lat-
eral patellar hypercompression syndrome:
a prospective double-blinded comparative
study on complications and outcome.
Arthroscopy 2012;28:788-97.
43. Heyworth BE, Carroll KM, Dawson CK, et
al. Open lateral retinacular closure surgery
for treatment of anterolateral knee pain
and disability after arthroscopic alteral
retinacular release. Am J Sports Med
2012;40:376-82.
44. Ahmad CS, Stein BE, Matuz D, et al.
Immediate surgical repair of the medial
patellar stabilizers for acute patellar dislo-
cation: a review of eight cases. Am J Sports
Med 2000;28:804-10.
45. Amis AA. Current concepts on anatomy
and biomechanics of patellar stability.
Sports Med Arthrosc 2007;15:48-56.
46. Biedert RM. Patellar instability with
increased knee flexion due to lateral
femoral condyle distal dysplasia: a report
of two cases. Knee 2012;19:140-3.
47. Fucentese SF, Zingg PO, Schmitt J, et al.
Classification of trochlear dysplasia as
predictor of clinical outcome after
trochleoplasty. Knee Surg Sports
Traumatol Arthrosc 2011;19:1655-61.
48. Amis AA, Oguz C, Bull AM, et al. The effect
of trochleoplasty on patellar stability and
kinematics: a biomechanical study in
vitro. J Bone Joint Surg Br 2008;90:864-9.
49. von Knoch F, Böhm T, Bürgi ML, et al.
Trochleaplasty for recurrent patellar dislo-
cation in association with trochlear dys-
plasia. A 4- to 14-year follow-up study. J
Bone Joint Surg Br 2006;88:1331-5.
50. Dejour D, Saggin P. The sulcus deepening
trochleaplasty - the Lyon's procedure. Int
Orthop 2010;34:311-6.
51. Pecina M, Ivkovic A, Hudetz D, et al.
Sagittal osteotomy of the patella after
Morscher. Int Orthop 2010;34:297-303.
52. Balcarek P, Jung K, Frosch KH, et al. Value
of the tibial tuberosity-trochlear groove
distance in patellar instability in the young
athlete. Am J Sports Med 2011;39:1756-61.
53. Beck PR, Thomas AL, Farr J, et al.
Trochlear contact pressures after antero-
medialization of the tibial tubercle. Am J
Sports Med 2005;33:1710-5.
54. Nakagawa K, Wada Y, Minamide M, et al.
Deterioration of long-term clinical results
after the Elmslie-Trillat procedure for dis-
location of the patella. J Bone Joint Surg
Br 2002;84:861-4.
55. Carney JR, Mologne TZ, Muldoon M, et al.
Long-term evaluation of the Roux-Elmslie-
Trillat procedure for patellar instability: a
26-year follow-up. Am J Sports Med
2005;33:1220-3.
56. Endres S, Wilke A. A 10 year follow-up
study after Roux-Elmslie-Trillat treatment
for cases of patellar instability. BMC
Musculoskeletal Disorders 2011;12:48.
57. Karataglis D, Green MA, Learmonth DJ.
Functional outcome following modified
Elmslie-Trillat procedure. Knee 2006;13:
464-8.
58. Andrish J. The management of recurrent
patellar dislocation. Orthop Clin N Am
2008;39:313-27.
59. Biedert RM, Tscholl PM. Osteotomies
around the patellofemoral joint. In:
Sanchis-Alfonso V, editor. Anterior knee
pain and patellar instability. 2nd ed.
London: Springer; 2011.
60. Myer GD, Ford KR, Barber Foss KD, et al.
The incidence and potential pathome-
chanics of patellofemoral pain in female
athletes. Clin Biomech (Bristol, Avon)
2010;25:700-7.
61. Collado H, Fredericson M. Patellofemoral
pain syndrome. Clin Sports Med 2010;29:
379-98.
62. Nelitz M, Dornacher D, Dreyhaupt J, et al.
The relationship of the distal femoral
physis and the medial patellofemoral liga-
ment. Knee Surg Sports Traumatol
Arthrosc 2011;19:2067-71.
Review
No
n-c
om
me
rci
l u
se
 
ly
